Hypoxia-driven changes in the tumor microenvironment facilitate cancer metastasis. In the present study, we investigated the regulatory cross talk between endocytic pathway, hypoxia, and tumor metastasis. Dynamin 2 (DNM2), a GTPase, is a critical mediator of endocytosis. Hypoxia decreased the levels of DNM2. DNM2 promoter has multiple hypoxia-inducible factor (HIF)-binding sites and genetic deletion of them relieved hypoxia-induced transcriptional suppression. Interestingly, DNM2 reciprocally regulated HIF. Inhibition of DNM2 GTPase activity and dominantnegative mutant of DNM2 showed a functional role for DNM2 in regulating HIF. Furthermore, the opposite strand of DNM2 gene encodes miR-199a, which is similarly reduced in cancer cells under hypoxia. miR-199a targets the 3′-UTR of HIF-1α and HIF-2α. Decreased miR-199a expression in hypoxia increased HIF levels. Exogenous expression of miR-199a decreased HIF, cell migration, and metastasis of ovarian cancer cells. miR-199a-mediated changes in HIF levels affected expression of the matrix-remodeling enzyme, lysyloxidase (LOX). LOX levels negatively correlated with progression-free survival in ovarian cancer patients. These results demonstrate a regulatory relationship between DNM2, miR199a, and HIF, with implications in cancer metastasis.
Hypoxia-driven changes in the tumor microenvironment facilitate cancer metastasis. In the present study, we investigated the regulatory cross talk between endocytic pathway, hypoxia, and tumor metastasis. Dynamin 2 (DNM2), a GTPase, is a critical mediator of endocytosis. Hypoxia decreased the levels of DNM2. DNM2 promoter has multiple hypoxia-inducible factor (HIF)-binding sites and genetic deletion of them relieved hypoxia-induced transcriptional suppression. Interestingly, DNM2 reciprocally regulated HIF. Inhibition of DNM2 GTPase activity and dominantnegative mutant of DNM2 showed a functional role for DNM2 in regulating HIF. Furthermore, the opposite strand of DNM2 gene encodes miR-199a, which is similarly reduced in cancer cells under hypoxia. miR-199a targets the 3′-UTR of HIF-1α and HIF-2α. Decreased miR-199a expression in hypoxia increased HIF levels. Exogenous expression of miR-199a decreased HIF, cell migration, and metastasis of ovarian cancer cells. miR-199a-mediated changes in HIF levels affected expression of the matrix-remodeling enzyme, lysyloxidase (LOX). LOX levels negatively correlated with progression-free survival in ovarian cancer patients. These results demonstrate a regulatory relationship between DNM2, miR199a, and HIF, with implications in cancer metastasis.
microRNA | iron regulation E pithelial ovarian cancer (EOC) is the leading cause of death among the gynecological malignancies (1) . Ascites development and peritoneal metastasis are unique features of ovarian cancer progression. Gas analyses of ovarian cancer ascites show about 2.5% dissolved oxygen content, whereas the blood oxygen content ranges between 15% and 23% (2) . Hypoxic areas are common in tumor microenvironment as increased metabolic demands of rapidly proliferating cells outpace oxygen availability. Sustained exposure to hypoxia spurs cells to reorganize cellular processes, and energy-consuming functions, such as endocytosis, are suppressed (3, 4) . Hypoxia-inducible factor-1α and hypoxia-inducible factor-2α (HIF-1α/HIF-2α) are principal coordinators of these responses. HIF-1α/HIF-2α are stabilized in hypoxia and associate with hypoxia-inducible factor-1β (HIF-1β) to form heterodimeric transcription factors and induce the expression of target genes (5, 6) . HIF-1-mediated expression of lysyloxidase (LOX) cross-links collagens and induces cell migration (7) . Epithelial ovarian cancer cells (EOCCs) that have adapted to hypoxia by activating HIF-1 disseminate from primary ovarian tumors and exfoliate into the peritoneal cavity. HIF-1 significantly enhances gene signatures associated with tissue remodeling, the morbidity and mortality associated with EOC (8, 9) .
Regulation of HIF-1 is a key step in the hypoxic response with profound implications for EOC metastasis. Under normoxia, HIF-1α is hydroxylated within its oxygen-dependent degradation domain (ODDD) by prolylhydroxylases (PHDs). This reaction is an oxygen-, iron-, 2-oxoglutarate and ascorbate-dependent process. Hydroxylated HIF-1α is recognized and bound by a complex that recruits ubiquitin ligases for proteasomal degradation. In hypoxia, however, low oxygen levels impair PHD hydroxylase activity and HIF-1α is stabilized (5) . In this study, we show reciprocal regulations between Dynamin 2 (DNM2), a mediator of endocytosis and HIF. DNM2 is down-regulated in hypoxia via HIF-1α, whereas inhibition of DNM stabilizes HIF-1α. Similarly, DNM2 derived miR-199a from the opposite strand (DNM2os) is down-regulated in hypoxia, and targets the 3′-UTR of HIF-1α and HIF-2α. EOCCs overexpressing miR-199a show a distinct phenotype with defects in LOX expression, cell migration, and metastasis. In vivo metastasis and tumor growth of EOC overexpressing miR-199a was significantly inhibited compared with control cells. Together, these studies identify a pathway involving DNM2 and miR-199a regulating HIF, metastasis, and tumor growth in EOC.
Results
Hypoxia and HIF-1 Down-Regulate Dynamin 2 in EOCCs. Hypoxia activates expression of receptor tyrosine kinases (RTKs) and prolongation of their signaling by down-regulating receptor-
Significance
Tumor cells adapt to hypoxia by modulating energy production and utilization. Endocytosis is an energy-consuming process that is suppressed during hypoxia. Our studies show that Dynamin 2 (DNM2), a key component of endocytic machinery, is transcriptionally suppressed by HIF-1. Genetic and pharmacological inactivation of DNM2 stabilized HIF-1α and HIF-2α. Furthermore, miR-199a, which is encoded from the opposite strand of DNM2, exerts reciprocal negative regulation upon HIF-1α and HIF-2α. Overexpression of miR-199a decreased HIF-1α and HIF-2α, cell migration, and metastasis. These findings establish a regulatory loop between endocytic pathway and hypoxic response in tumor cells. mediated endocytosis . Because DNM2, a ubiquitously expressed large GTPase, plays a crucial role in endocytosis, we investigated whether DNM2 expression is modulated during hypoxia. Our studies show that hypoxia inhibits DNM2 expression in ovarian ( Fig. 1 A and B) , breast, and pancreatic cancer cell lines (Fig.  S1 ). Transcriptional down-regulation of DNM2 under hypoxia was further confirmed by transfecting EOCCs with a luciferase reporter construct. DNM2 promoter-driven expression of luciferase was inhibited when tumor cells were cultured in hypoxia (Fig. 1C) . Knockdown of HIF-1α reversed suppression of DNM2 promoter in hypoxia (Fig. 1D) . The DNM2 promoter has five HIF-binding sites (HRE 1-5). Mutation of HRE2 reversed hypoxia-induced suppression of DNM2 promoter (Fig. 1E) . ChIP analyses showed increased levels of HIF-1 in DNM2 promoter (HRE sites 1-3) in hypoxia (Fig.  1F) . To further confirm the role of HIF-1 in the regulation of DNM2, we used HIF-1α knockout mouse embryonic fibroblasts (MEFs). HIF-1α gene deletion abolished the downregulation of DNM2 transcripts under hypoxia. Wild-type MEFs showed a 60% reduction in DNM2 transcript levels under hypoxia (Fig. 1G) . From these studies, we conclude that DNM2 levels are transcriptionally down-regulated under hypoxia by HIF-1.
Dynamin 2 Reciprocally Regulates HIF-1α. Inhibition of DNM2 activity by Dynasore, a dynamin-specific GTPase inhibitor, increased HIF-1α in normoxia ( Fig. 2A) . Using a reporter construct composed of ODDD of HIF-1α fused to firefly luciferase, we validated the functional significance of DNM2 inhibition (Fig. 2B) . We then used a genetic approach to validate the pharmacologic inhibition of DNM2. Exogenous expression of K44A-DNM2, a GTPasedead, dominant-negative mutant, attenuated DNM2 effects on HIF-1α (Fig. 2C) . DNM2 overexpression conversely reduced the HIF-1α levels (Fig. 2D) . Furthermore, siRNA mediated knockdown of DNM2 increased the levels of HIF-1α both in normoxia and hypoxia (Fig. 2E) . Because DNM2 inhibition can affect endocytosis and as a consequence transferrin-mediated iron uptake, we determined intracellular iron levels using calcein-AM. Dynasore treatment reduced iron levels as reflected by a decrease in fluorescence quenching (Fig. 2F ). We next delivered iron via DNM2-independent mechanism using ferric ammonium citrate (FAC). FAC increased the intracellular iron pool and reversed DNM2 effects on HIF (Fig. 2G ). Further studies showed that Dynasore inhibited HIF-1α polyubiquitination (Fig. 2H ). These data demonstrate that DNM2 controls HIF-1α levels via an iron-dependent mechanism, complementing the reciprocal, negative regulatory effect of HIF-1α on DNM2 expression.
Micro-RNA Arising from DNM2 Targets HIF-1α and HIF-2α. We then investigated whether micro-RNA arising from DNM2os could be involved in feedback regulation of HIF. A custom microarray was used (10) . The levels of several miRNAs were altered in hypoxic EOCCs ( Fig. 3A ; National Center for Biotechnology Information Gene Expression Omnibus database accession no. GSE32313). miR-199a arising from DNM2os was down-regulated under hypoxia. Bioinformatics predicted that the miR-199a-5p targets the HIF-1α (position 31) and HIF-2α (position 2,005) 3′-UTR. This prediction led us to further investigate the role of miR-199a. miR199a-5p was down-regulated under hypoxia in three EOCC lines ( Fig. 3B ) and breast and pancreatic cancer cell lines (Fig. S1A ). Hypoxia decreased both the precursor and mature levels of miR199a-5p (Fig. S1B ). Different isoforms of miR-199 arise from DNM genes. Micro-RNA-199b is encoded from the opposite strand of DNM1, and miR-199a1 and miR-199a2 are from DNM2 and DNM3, respectively. Both miR-199a-5p and miR-199b-5p have identical seed sequence and can potentially target the same transcripts. miR-199b levels, however, did not change in hypoxia. miR-199a1 and miR-199a2 are identical except for a single nucleotide. miR-199a2, however, is coexpressed in a single transcript along with miR-214. Array results (Fig. 3A) did not show a decrease in miR-214 levels. These results suggest that the decrease seen in miR-199a is primarily due to changes in DNM2os-derived miR-199a1. Ct values suggest that miR-199a1-5p is relatively abundant (Ct 24.02) compared with miR-199b (Ct 25.62) in A2780 cells. Similarly, OVCAR3 and MA148 cells showed higher abundance of miR-199a compared with miR-199b (Ct values 25.32 vs. 26.58; 22.88 vs. 25.9, respectively). Ovarian cancer cells showed higher levels of miR-199a-3p compared with miR199a-5p (Fig. 3A) . Because miR-199a-5p is relatively abundant than miR-199b-5p and down-regulated in hypoxia, we focused our further studies on miR-199a-5p.
To evaluate whether HIF-1α expression is regulated by a miRNA-dependent mechanism, we used a luciferase cDNA fused to HIF-1α 3′-UTR. A2780 cells transfected with this Luc-HIF-1α-3′-UTR showed higher levels of luciferase activity in hypoxia compared with normoxia (Fig. 3C) . miR-199a duplex transfection increased the levels of miR-199a severalfold (Fig. S2 ) and suppressed 3′-UTR reporter activity (Fig. 3D) . Deletion of target seed sequences in the 3′-UTR of HIF-1α abrogated miR-199a-mediated suppression (Fig. 3D) . miR-199a duplex (Fig. S3 ) reduced HIF-1α levels (Fig. 3E) . miR-199a transfection inhibited nuclear translocation of HIF-1α under hypoxia (Fig. 3F) . Finally, suppressing endogenous miR-199a expression using a morpholino designed to specifically interfere with miR-199a synthesis and maturation increased HIF-1α transcript levels (Fig. 3G) .
In addition to HIF-1α, 3′-UTR of HIF-2α also has a target site for miR-199a. Secondary structure prediction analyses (RNAfold) suggest that 3′-UTR of HIF-1α and HIF-2α are different. However, the miR-199a target sequences folds back to the proximal end of 3′-UTR (Fig. 4A) . miR-199a duplex transfection decreased HIF-2α transcript levels significantly both in normoxia and hypoxia (Fig. 4B) . Western blots showed a decrease of 23% in HIF-2α levels in hypoxia (Fig. 4C ). Blots were also reprobed for HIF-1β. Hypoxia increased HIF-1β levels by 17% compared with normoxia. miR-199a duplex transfection did not change HIF-1β levels under hypoxia. In normoxia, however, there was a 13% decrease in HIF-1β in miR-199a-transfected cells. A2780 cells were then infected with a lentivirus construct to express either GFP or miR-199a and GFP. Confocal studies showed that hypoxia-induced nuclear accumulation of HIF-2α was significantly inhibited by miR-199a expression (Fig. 4D) . The histogram shows quantification of HIF-2α translocated into nuclei. These studies suggest that miR-199a targets both HIF-1α and HIF-2α.
miR-199a Inhibits Migration of EOC Cells. Recent studies have demonstrated a direct correlation between increased mortality in ovarian cancer patients with HIF-1 target gene signatures related to matrix remodeling (9) . Therefore, we next investigated the effect of miR-199a on ovarian cancer cell proliferation and migration. Ovarian cancer cells were stably transfected with a lentivirus construct to overexpress miR-199a (Fig. S3) . miR-199a overexpression reduced HIF-1α (Fig. S4A) . miR-199a transduction did not affect either cell proliferation or clonogenic growth (Figs. S5 and S6) . However, miR-199-transduced cells showed significantly reduced migration both in normoxia and hypoxia in scratch wound assays (Fig. 5 A and B) . Real-time chemotactic cell migration assays also showed reduced migration of miR-199a-overexpressing cells (Fig. 5C ). Then we studied the effect of a nondegradable form of HIF-1α mutant on reversing the effect of miR-199a. P-to-A mutation in the ODDD domain of HIF-1α makes it resistant to proteasomal degradation and miR-based regulation due to lack of 3′-UTR. P-to-A HIF-1α mutant mitigated the inhibitory effects of miR-199a on cell migration (Fig. 5 D and E) . These findings were corroborated in real-time cell migration assays (Fig. 5F ). These data suggest that miR-199a affects EOC cell migration through inhibition of HIF-1α. Intraperitoneal injection of A2780-199 cells showed markedly decreased seeding of the ovaries, fallopian tubes, uterus, and gastrointestinal tract compared with animals injected with A2780-GFP cells (Fig. 6 A and B) . These findings were further confirmed in a therapeutic intervention model. A2780-GFP or A2780-199 tumors were established in athymic mice and then treated with carboplatin. A2780-199 tumors were more sensitive to carboplatin than A2780-GFP tumors (Fig. 6 C and D) . These findings suggest that miR-199a impairs EOC seeding of the peritoneum, and carboplatin treatment additively suppresses tumor growth in vivo. miR-199a-mediated changes in tumor burden and response to carboplatin were reflected in reduced vascularization and increased tumor necrosis (Fig. S7 A-E) .
miR-199a Inhibits ECM Remodeling. Because A2780-199 cells showed reduced seeding of peritoneum, we investigated whether miR-199a affects HIF-1-mediated changes in matrix remodeling. LOX is a critical mediator of cell attachment to extracellular matrix. LOX cross-links collagens and is induced by HIF-1α. Moreover, LOX affects tumor cell migration and metastasis (7, 11) . miR-199a transfection abrogated LOX expression under hypoxia (Fig. 6E) . Additionally, miR-199a reduced VEGF and EPO transcripts (Fig.  S4 B and C) . miR-199a expression also significantly perturbed cell attachment to type I collagen (Fig. 6F) .
Collagen fibrils, produced by LOX, provide linear tracks for cell migration. Hypoxia-induced EOCC migration was significantly impaired by LOX inhibitor, β-aminoproprionitrile (β-APN) (Fig.  6G) . We next determined LOX levels in A2780-GFP and A2780-199 tumors. LOX expression was reduced in A2780-199 tumors. Moreover, reduced LOX expression correlated with lower levels of cross-linked fibrillar collagen in A2780-199 tumor sections (Fig.  6H ). Our findings demonstrate that miR-199a suppresses LOX We next compared the expression of LOX with miR-199a in a limited number of tumor sections. LOX was localized by immunohistochemistry and miR-199a by in situ hybridization. Generally, there was a negative correlation between miR-199a expression and LOX immunoreactivity (Fig. 7A ). For example, OV5 had low levels of miR-199a and highest intensity for LOX staining, whereas higher expression of miR-199a in OV10 sample showed lower LOX staining. However, we could not conclude from this study whether LOX expression had any significance to tumor progression. This led us to investigate the relationship between LOX expression and survival probability in ovarian cancer patients. These analyses showed that progression-free (Fig. 7B ) and overall survival (Fig. 7C ) was significantly reduced in the cohort of patients overexpressing LOX.
Discussion
Endocytosis is one of the cellular functions dampened during hypoxia (3, 4, 12) . Endocytosis is a complex energy-consuming cellular process. Earlier studies have shown that HIF-1 down-regulates rababtin-5 and inhibit endosomal fusion leading to deceleration of endocytosis (4) . The present studies show that HIF-1 inhibits DNM2, which is involved in endosomal vesicle budding. HIF-1 is widely known to positively regulate transcription of several genes. HIF-1 also down-regulates some target genes such as α-fetoprotein (13) and hepcidin (14) . HIF-1-deficient mice show abnormal iron regulation (15) . Down-regulation of DNM2 increases HIF-1α and HIF-2α stabilization. Reduced iron could contribute to HIF stabilization. Our studies show that HIF-1 could transcriptionally suppress DNM2. DNM2 knockdown with siRNA up-regulated HIF-2α in addition to HIF-1α. Because HIF-2α binds to HRE elements with equal efficiency, it is likely that HIF-2α could coregulate DNM2 expression. HRE elements are conserved in DNM promoters of rodents and zebrafish, raising the possibility of HIF-mediated regulation of DNM across different species. Our studies further show that miR-199a, which is encoded from the DNM gene opposite strand, is also directly involved in regulating HIF. Micro-RNAs regulate tumor cell migration, angiogenesis, and metastasis (16) . Hypoxia is known to induce changes in a number of micro-RNAs (17) . Hypoxia down-regulates Dicer and thereby alters microRNA biogenesis. Furthermore, hypoxia-responsive miRNAs regulate argonaute1 (AGO1) and affect miR targeting (18) . Our studies suggest that individual micro-RNA could be differentially regulated by transcriptional suppression. Microarray data show that not all micro-RNA are reduced during hypoxia. For example, miR-210 and miR-424 are up-regulated, whereas miR-199a is down-regulated during hypoxia. Changes in miR-199a are at least in part regulated at the transcriptional level. A recent study by Ho et al. (19) showed VHL-dependent down-regulation of Dicer. Dicer-dependent generation of miR-185, was found to target HIF-2α transcripts. In addition, miR-17-92 cluster regulates HIF-1α via c-myc (20) . A recent study demonstrated an intricate relationship between miR-20a, HIF-1α, and c-Myc (21) . We have identified miR-199a as an important mediator in the regulation of HIF levels in EOCs. Our studies provide evidence for a dual targeting of both HIF-1α and HIF-2α by miR-199a.
miR-199a suppressed both HIF-1α and HIF-2α levels, and has functional consequences in EOCs. miR-199a overexpression in EOCs decreased angiogenesis and increased tumor necrosis (Fig.  S7 A-E) . miR-199a overexpression inhibited EOC attachment to matrix, migration, and in vivo tumor seeding and growth. HIFmediated changes in matrix/tissue remodeling genes significantly affect the survival of ovarian cancer patients (9) . Our studies demonstrate that miR-199a suppresses LOX expression in ovarian cancer cells. LOX is induced by HIF-1, cross-links collagens, and facilitates tumor metastasis (7, 22, 23) . Hypoxia affects modification of collagens and metastasis of sarcomas (24) . miR-199a also targets IKKβ (25) . miR-199a expression, however, did not directly correlate with LOX expression in The Cancer Genome Atlas database. This discordance raises the interesting possibility that HIF-1α 3′-UTR could have been altered during tumor progression, thereby deregulating miR-199a-mediated effects on HIF-1α levels. Mayr and Bartel (26) have shown that 3′-UTRs are shortened in cancer cells to overcome micro-RNA-mediated regulation of oncogenes, and widespread shortening of 3′-UTRs by alternative cleavage and polyadenylation.
Our studies establish a direct link between the DNM2 (endocytic pathway) and HIF regulation. DNM2 and HIF negatively regulate each other. Indeed, HIF1A promoter methylation positively correlates with DNM2 expression in ovarian cancer tissues (Fig. S8) , indicating a potential HIF-dependent regulation in vivo. miR-199a, arising from the DNM gene opposite strand, targets HIF and indirectly affects the tumor microenvironment through LOX. These findings raise the intriguing possibility of modulating intracellular iron levels in ovarian cancer cells to control tumor progression.
Methods
Cell Culture and Hypoxia. Hypoxia was achieved by flushing modular incubator chambers (Billups-Rothenberg) with 95% N 2 , 5% CO 2 for 15 min to effect O 2 levels of ∼3% in the media. The mutant P402A/P564A HIF1α (P-to-A HIF1α) was acquired from Addgene [plasmid 18955; contributed by William Kaelin (Dana-Farber Cancer Center, Boston) (27) ]. K44A-dynamin 2 constructs were from M. McNiven (Mayo Clinic, Rochester, MN).
Custom Micro-RNA Microarray. Custom miRNA microarray experiments and analyses were performed as previously described (10) .
Immunoblotting was carried out as per previously published methods (28) . ChIP was carried out as per manufacturer's instructions using ExactaChIP Human/Mouse HIF-1α from R&D Systems in normoxic and hypoxic conditions. Knockdown Experiments. siRNA DNM2 and control duplex were obtained from Qiagen. A2780 cells were transfected with 1.6 μg of siRNA using Lipofectamine (Invitrogen).
Immunohistochemistry/Immunofluorescence. Cells were grown in chamber slides, fixed, permeabilized, and then treated with primary antibody. Secondary antibody conjugated to TRITC or Alexa Fluor 647 was used for visualization. Nuclear localization was quantified by NIH Image analysis software.
Scratch wound assays, lentiviral vector construction, transduction, and luciferase assays were carried out as per previously published methods (28) .
Real-Time Cell Migration. xCELLIgence system from ACEA Biosciences was used. Experiments were carried out according to manufacturer's published methods.
In Vivo Tumor Models. Tumor growth studies were carried out as per previously published methods. Details are given in SI Methods.
Statistics. Statistical significance was determined using one-way ANOVA or the unpaired Student t test (one-tailed), depending on the number of experimental groups analyzed. Fig. S1 . (A) Hypoxia-induced changes in DNM2 and miR-199a-5p expression in breast and pancreatic cancer cell lines. Tumor cell lines were exposed to hypoxia for 24 h. Relative transcript levels and miR-199a-5p were determined by qPCR. β-Actin or GAPDH was used for normalizing the transcript levels of DNM2. SnoRNA, SNORD72.1, and U6 (Qiagen) were used for normalizing miR-199a expression. Each value is a mean of triplicates from three independent experiments. (B) Relative expression of precursor and mature miR-199a in A2780 cells cultured either in normoxia or hypoxia for 24 h. Specific primers (Qiagen) were used to determine precursor and mature microRNAs. U6 was used for normalization. Fig. S2 . miR-199a expression is increased in epithelial ovarian cancer cells (EOCCs) following treatment with miR-199a duplex. Levels of miR-199a-5p as determined by qPCR in A2780 cells transfected with scramble duplex (red and blue bars) or miR-199a duplex (green bars) and subjected to normoxia or hypoxia for 24 h. Normoxic, scramble duplex-treated levels are considered to be equal to 1. Values represent mean ± SD. *P < 0.05. Fig. S3 . miR-199a expression is increased in EOCCs following transduction with mir-199a-endcoding lentivirus. Levels of miR-199a-5p as determined by qPCR in A2780 cells transduced with GFP lentivirus (red and blue bars) or miR-199a/GFP lentivirus (green bars) and subjected to normoxia or hypoxia for 24 h. Normoxic, scramble duplex-treated levels are considered to be equal to 1. Values represent mean ± SD. *P < 0.05. Fig. S4 . miR-199a decreases hypoxia-induced stabilization of HIF-1α and HIF targets in EOCC. (A) A2780 cells transduced with either control lentivirus (GFP) or miR-199a-5p were exposed to normoxia or hypoxia for 24 h. Changes in HIF-1α were determined by Western blots. Actin was used for loading control. A representative blot is shown. In parallel experiments, total RNA was extracted and used in real-time PCR assays to determine changes in transcript levels of HIF targets. (B) miR-199a-5p expression attenuates hypoxia-induced increase in VEGF levels in A2780 cells both in normoxia and hypoxia. (C) In addition to VEGF, EPO transcript levels were also inhibited by miR-199a-5p. 
